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LLP
[S7] ABSTRACT

The object of the invention is to provide a charging genera-
tor 1 which can avoid occurrence of overvoltage due to
failure of equipment, which comprises: an a.c. generator 10
having armature windings 10a, 10b, 10¢ and a field winding
104 for generating an a.c.; a rectifier 11 having a plurality of
power zener diodes 11a-11f having an intrinsic breakdown
voltage Vz for converting the a.c. output from the armature
windings to a d.c.; a current inhibit means which receives the
d.c. output from the rectifier via field winding 104 and
inhibits a field current which fiows through the field wind-
ing; a voltage detection means for detecting a voltage of the
d.c. output from the rectifier; and a voltage regulator 13,
which includes a protection control means for controlling
the current inhibit means in accordance with a result of

judgment which is larger between a detected value of the d.c.
voltage and a predetermined protection cut-off voltage VB,
for regulating the d.c. voltage in the vicinity of the protection
cut-off voltage VB by inhibiting the field current, and
wherein the relationship between breakdown voltage Vz and

protection cut-off voltage is set Vz>VB.

5 Claims, 4 Drawing Sheets
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CHARGING GENERATOR AND VYOLTAGE
REGULATOR THEREFOR

BACKGROUND OF THE INVENTION

The present invention relates to a charging generator and
a voltage regulator therefor, and in particular, it relates to a
charging generator for use in an automobile for selectively
supplying a low voltage or a high voltage.

A conventional generator for automobiles for supplying a
high voltage and a low voltage selectively is disclosed in
U.S. Pat. No. 4,084,126 in which an output voltage from the
charging generator is switched between a low voltage (14.4
V) and a high voltage (40 V), the latter voltage being
supplied to high voltage equipment.

Also, a conventional automotive voltage regulator to
control the voltage supplied to an on-board vehicle network
is disclosed in U.S. Pat. No. 4,143,313, in which an over-
voltage protection circuit is provided.

The above-mentioned prior art charging generator and
voltage regulator, however, have a problem in that, since a
maximum output voltage is generated by the charging gen-
erator when supplying a high voltage, should there occur a
breakdown in the high voltage load or in the voltage
regulator circuit due to a high voltage surge or the like, a
very high voltage (about 100 V) will be generated that
cannot be dealt with solely by the conventional overvoltage
protection circuit, thereby endangering the safety of anyone
who happens to touch the high voltage equipment.

SUMMARY OF THE INVENTION

Thereby, the present invention has been developed to
solve the above-mentioned problem associated with the
prior art. The main object of the invention is, to provide a
charging generator and a voltage regulator therefor having a
twofold protection capability, combining protective features
of a voltage regulator and a rectifier, in order to ensure
prevention of any occurrence of overvoltage due to a failure
of the equipment.

The charging generator for accomplishing the above-
mentioned object of the invention is comprised of:

a generator having armature windings and a field winding
for generating an a.c. output;

a rectifier having a plurality of rectifying elements, each
having an intrinsic breakdown voltage Vz (V), for
converting an a.c. output which is supplied from the
armature windings of the generator to a d.c. output; and

a voltage regulator comprising current inhibit means
connected to receive the d.c. output from the rectifier
via the field winding of the generator for inhibiting a
field current which flows through the field winding; a
voltage detection means for detecting a voltage of the
d.c. output from the rectifier; and a protection control
means for controlling the current inhibit means in
accordance with a judgment as to which value 1s greater
between values of a detected voltage and a predeter-
mined protection cut-off voltage VB (V), thereby, to
inhibit the field current such that the d.c. voltage is
regulated at or below the protection cut-off voltage VB
(V), and wherein a relationship ecxists between the
breakdown voltage Vz (V) and the protection cut-off
voltage VB (V) such that Vz>VB.

Further, according to another aspect of the invention, the
object of the invention is accomplished by providing a
voltage regulator which is comprised of:

a field current input means for inputting therethrough a

direct current which flows through a field winding, the
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2

direct current being converted from an alternating
current, generated in an a.c. generator having armature
windings and a field winding. in a rectifier having a
plurality of rectifying elements each having an intrinsic
breakdown voltage Vz (Vv);

a current inhibit means for inhibiting the field winding
current which is input through the field current input
means;

a voltage detection means for detecting a voltage of the
d.c. output from the rectifier; and

a protection control means for controlling the current
inhibit means according to a judgment as to which
value is greater between the values of a voltage
detected by the voltage detection means and of a
predetermined protection cut-off voltage VB(V),
whereby the field current is inhibited such that the
voltage level of the direct current which is converted
from the alternating current in the rectifier is regulated
below the protection cut-off voltage VB (V). and
wherein

a relationship exists between the protection cut-off volt-
age VB (V) and the breakdown voltage Vz (V) such

that Vz>VB.
According to another aspect of the invention, the occur-

rence of an overvoltage due to a failure of the equipment can
be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic circuit diagram ofan a.c. generator
systemn according to one embodiment of the invention;

FIG. 2 is a schematic circuit diagram of a voltage regu-
lator according to one embodiment of the invention,

FIG. 3 is a flowchart indicative of the operation of a
control device depicted in FIG. 1 according to one embodi-
ment of the invention;

FIG. 4 is a schematic circuit diagram illustrative of the
operation of the power zener diodes in FIG. 1;

FIG. 5 is a schematic circuit diagram of a voltage regu-
lator according to another embodiment of the invention; and

FIG. 6 is a diagram indicative of voltage characteristics
relative to ambient temperatures of the voltage regulator.

PREFERRED EMBODIMENTS OF THE
INVENTION

The above-mentioned and other features of the invention
will be more clearly understood from the following descrip-
tions of the preferred embodiments of the invention with
reference to the accompanying drawings.

FIG. 1 is a schematic circuit diagram depicting a gener-
ating system including a charging generator according to
one embodiment of the invention.

The generating system according to the one embodiment
of the invention shown in FIG. 1 is comprised of a charging
generator 1; arelay 4 for switching the power supplied from
the generator 1 between a low voltage and a high voltage
selectably to supply appropriate voltages to a low voltage
load 3, including a head light and radio operable on 12 V,
and to a high voltage load S for heating, for example, an
electrically heated catalyst (EHC) for purifying engine
exhaust gas; and a controller 6 for controlling the relay 4.

The charging gencrator 1 for use in an automobile,
according to the one embodiment of the invention. has a
including arrangement combining an a.c. generator 10, a
rectifier 11 and a voltage regulator 13. In FIG. 1, the a.c.
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generator 10 includes three-phase armature windings 19a,
100 and 10c¢ in Y-connection, and a field winding 104. The
rectifier 11 is comprised of a three-phase full wave rectifying
circuit having rectifying elements in the form of power zener
diodes 11a, 11b, 11c¢, 11d. 11e¢ and 11f, each having an
intrinsic breakdown voltage of approximately 30 V.

The relay 4 which switches the generator’s output is
comprised of a normally closed contact 44, a normally open
contact 4b, a movable contact 4¢, an armature coil 44 and the
like. The controller 6 includes an arithmetic unit 60, a power
MOS 61 and the like. Further, numeral 2 depicts a battery
having a rated low voltage, and numeral 7 depicts a key
switch which is operated by the driver to start or stop the
engine (not shown in the drawing).

FIG. 2 is a schematic circuit diagram depicting one form
of the voltage regulator 13 according to the embodiment of
the invention shown in FIG. 1. The voltage regulator 13 is
comprised of a power transistor 131, a flywheel diode 132,
a resistor 133, a main voltage detection circuit 13A, an
auxiliary voltage detection circuit 13B, and terminals F, B,

IG. S.

Further, the main voltage detection circuit 13A is com-
prised of a transistor 134, a resistor 137, a zener diode 138
and a diode 1395, The auxiliary voltage detection circuit
13B. which serves as the protection control means of the
invention, is comprised of a resistor 135, a zener diode 136,
a diode 139a and the transistor 134. The transistor 134 is
shared by the main voltage detection circuit 13A and the
auxiliary voltage detection circuit 13B.

By way of example, respective terminals B, IG and S of
the charging generator 1 are electrically connected with
corresponding terminals B, IG and S of the voltage regulator
13. The aforementioned combined arrangement of the charg-
ing generator 1, in which the a.c. generator 10, rectifier 11
and voltage regulator 13 are integrated, is not limited
thereto, and the charging generator may take a different
arrangement in which these components are provided sepa-
rately or independently; nevertheless, the concept of the
present invention is applicable to the voltage regulator
thereof.

The operation of a system having the above-mentioned
configuration will be described in detail in reference to
FIGS. 1 and 2. When key switch 7 is closed, a voltage is
applied from battery 2 to terminal IG of the charging
generator 1, namely, to the IG terminal of voltage regulator
13. Then. a current flows via resistor 133 to the base of
power transistor 131 in the voltage regulator 13, which
consequently turns the power transistor 131 to the on-state,

thereby causing a field current to flow in the field winding
104.

In this condition, at first, the charging generator 1 starts to
rotate when the motor is rotated by a starting device (which
is not shown) and the engine starts its operation, which
operation drives the charging generator to generate power
being. An output of the power generated is supplied via
terminal B of the charging generator 1 and through the
normally closed contact 4a of relay 4 to battery 2 and low
voltage electrical load 3. both on the low voltage side. At this
time., since terminal S of charging generator 1, namely,
terminal S of voltage regulator 13 is connected to the battery
2 and the low voltage electrical load 3. it can be said that a
generated voltage V on the low voltage side is input via
terminal S to the main voltage detection circuit 13A. In other
words, a low voltage having been output externally from the
charging generator 1 as the generated voltage V through
terminal B of charging generator 1 and relay 4 can be said
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to be detected indirectly through terminal § of voltage
regulator 13. Then, in dependency on a value of detected
voltage on the low voltage side, the main voltage detection
circuit 13A is operated as will be described below.

When the generated voltage V for the low voltage side
detected at terminal S exceeds a predetermined value, zener
diode 138 is caused to breakdown to turn transistor 134 to
the on-state. and power transistor 131 is cut off. Thereby, the
resulting field current flowing in field winding 104 and input
through terminal F of voltage regulator 13, which is the field
current input means, is caused to pass through flywheel
diode 132, there to be attenuated so that the field current is
inhibited. Thereby, the current inhibit means of this embodi-

ment of the invention is comprised of power transistor 131
and flywheel diode 132.

When the field current is inhibited, the generated voltage
V output from terminal B of the charging generator 1
decreases, as a result, a voltage on the low voltage side
detected at terminal S becomes smaller than the predeter-
mined value, thereby, zener diode 138 is caused to be
non-conductive thereby causing transistor 134 to be cut-off,
consequently turning power transistor 131 to the on-state,
and thereby increasing the field current which flows through
field winding 10d. By repeating the above-mentioned
sequences, the generated voltage V, namely, the voltage on
the low voltage side (detected at terminals B and S) is
regulated to be maintained at a predetermined voltage, for
example, at a constant value of 14.4 V in this embodiment
of the invention.

Regulated voltage Vs, which is a generated voltage V
regulated by the main voltage detection circuit 13A, is
expressed by equation 1 as follows.

Vs=Vz(138)+ V(1395 )+ VBE(134) (Eq. 1),

where, Vz(138): breakdown voltage (V) of zener diode 138,
V£(139b): forward voltage (v) of diode 1395, and VBE
(134): voltage (V) across base and emitter of transistor 134.

Now, the control device 6 for controlling relay 4 for
switching the power supply between the low voltage and
high voltage will be described in the following.

FIG. 3 is a flow chart indicative of operation of the control
device according to the embodiment of the invention as
shown in FIG. 1. More specifically, it indicates operation of
the arithmetic unit 60 in the control device 6. At step 301 the
operation starts, then, a timer is reset in step 302. From steps
303 to 305, it is judged whether or not to turn on a power
supply to a high voltage electrical load 5 (heater EHC). In
this embodiment of the invention, a power supply to the
electrical load § will be turned on when all of the following
conditions are met at the same time. (1) the elapsed time t
after power-on is shorter than a preset time t0, (2) the
cooling water’s temperature Tw is lower than a preset
temperature T@, and (3) the vehicle speed Vc is slower than
a preset speed V0.

This setting implies that power to the high voltage elec-
trical load § will be turned on only under such conditions
that the engine is being warmed up and the exhaust gas is not
being purified by the catalyst. After the engine has been
warmed up, the foregoing conditions (1) or (3) will not apply
exist, thereby, in step 307, the power supply to the high
voltage electrical load 5 will be turned off.

When arithmetic unit 60 judges that the high voltage
electrical load 5 should be supplied with power, power MOS
61 is turned on thereby causing a current to flow in excita-
tion coil 44 of relay 4. thereby switching electrical contact
between of the movable contact 4¢ to the normally open
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contact 4b. In this setting, terminal B of the charging
generator 1 is connected to the high voltage electrical load
5. Battery 2 and electrical load 3 on the low voltage side are
isolated from the charging generator 1, and so power the low
voltage electrical load 3 is supplied only from battery 2.

Since the contact of relay 4 has been switched as
described above, even when a generated voltage V at ter-
minal B on the high voltage side becomes higher, a voltage
on the low voltage side detected at terminal S (i.e., low
voltage detection terminal) will not increase. Thereby, the
power transistor 131 is constantly kept in the on-state,
thereby allowing the charging generator 1 to increase its
output voltage (generated voltage V) more and more.
Thereby, the maximum rated voltage power supply that can
be generated by the charging generator 1 is supplied to the
high voltage electrical load 5.

However, the circuit of this embodiment of the invention
has such a feature that, when an output voltage from the
charging generator 1 increases, auxiliary voltage detection
circuit 135 is operated in accordance with a value of voltage
detected via “terminal B of voltage regulator 13” which is a
voltage detection means for directly detecting generated
voltage V of the d.c. output from rectifier 11. Namely, when
a value of voltage on the high voltage side detected at
terminal B (i.e., high voltage detection terminal) of voltage
regulator 13 exceeds a preset protection cut-off voltage VB
(V), a protection control means in FIG. 2, which is provided
in the from of auxiliary voltage detection circuit 13B,
triggers transistor 134 to the on-state via zener diode 136 in
the auxiliary voltage detection circuit 13B, thereby operat-
ing the current inhibit means, including power transistor 131
and flywheel diode 132, so as to inhibit a the field current fed
from terminal F. Thereby, voltage V generated by the
charging generator 1 and detected at terminal B is regulated
to correspond to voltage VB, which is expressed by equation
2 as follows. That is, the protection cut-off voltage VB at
which the generated voltage V is to be regulated by auxiliary
voltage detection circuit 13B is expressed by equation 2.

VB=Vz(136)+V{(139a)+VBE(134) Eq. 2.

where, Vz(136): breakdown voltage (V) of zener diode 136,
Vf (139a): forward voltage (V) of diode 139a.

In other words, it can be said that the voltage V generated
by charging generator 1 can be limited to the protection
cut-off voltage VB by setting each value of the voltages of
Vz (136), Vf (139a) and VBE (134) to a predetermined
value.

Suppose that voltage regulation becomes impossible
while the relay 4 is switched to the high voltage side due to
failure in voltage regulator 13, for example, due to a short
circuit of power ftransistor 131. In this case, since the
auxiliary voltage detection circuit 13» will not function,
voltages induced in armature coils 10a, 105, 10¢ will keep
increasing, thereby resulting in a no-control status for the
voltage V being generated. However, in practice, VBmax at
terminal B, which is the voltage actually being generated, is
suppressed by an equivalent circuit of FIG. 4 to a value
expressed by equation 3.1.

VBmax (a,b)=Vz (11d)-Vf (11a) Eqg. 3.1,

where, YBmax (a, b): a maximum voltage at terminal B as
the voltage V actually being generated, assuming a rmaxi-
mum potential existing in armature coil 10a, and a minimum
potential existing in 10¢, Vz (11d): breakdown voltage (V)
of power zener diode 114, and V£ (11a): forward voltage (V)
of power zener diode 1la.
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FIG. 4 is a schematic diagram illustrative of the operation
of the power zener diodes in FIG. 1. A short-circuit current
flows in two routes (4A, 4B) as indicated by broken lines in
FIG. 4. However, if a difference between the breakdown
voltage and forward voltage is small, the quantities of
current flowing through the two routes 4A, 4B will be the
same.

The example of FIG. 4 represents an equivalent circuit for
armature windings 10a and 10c¢ in series connection for
inhibiting a voltage generated therein by power zener diodes
11a, 11b, 114 and 11e connected thereto. The same applies
to combinations of the armature windings of 105 and 10c.
and armature windings 10a and 105 likewise. Each YBmax
value in each combination can be expressed by the following
equations similar to equation 3.1.

VBmax (b,c)=Vz (11e}-Vf (115) Eg. 3.2
VBmax (c,a)=Vz (11/}-Vf (llc) Eq. 3.3
VBmax (b,a)=Vz (1le)}-Vf (115) Eq. 34
VBmax (c,b)=Vz (11/)-Vf (1l¢) Eq. 3.5
VBmax (a,c)=Vz (11d)-Vf (11a) Eq. 3.6.

When the voltage generated in the armature windings is
caused to change sequentially, the voltage VBmax at termi-
nal B is inhibited to a voltage expressed by one of the
equations 3.1 to 3.6. Thereby, a minimum voltage VBmin at
terminal B is defined by a minimum value of voltage
selected from respective voltages of VBmax at terminal B,
and is expressed by the following equation 3.7.

VBmin=-MIN{VBmax (a,b), VBmax (b,a), VBmax (b,c), VBmax
{c,b), VBmax {c,a), YBmax (a,c)} Eq. 3.7

From the description above, it can be understood that a
voltage V which can be generated by charging generator 1
within its rated capacity is limited by the breakdown voltage
(V) and forward voltage (V), which are intrinsic to a group
of power zener diodes 11a to 11f of rectifier 11 used in this
embodiment of the invention.

On the other hand, when the voltage regulator 13 has not
failed and is operating normally, the generated voltage V
detected at terminal B is inhibited below protection cut-off
voltage VB which is expressed by equation 2. Thereby, this
protection cut-off voltage VB preferably get is to be lower
than the minimum voltage VBmin of terminal B defined by
equation 3.7. This is because that, when protection cut-oft
voltage VB is greater than the minimum voltage VBmin of
terminal B, i.e., VB>VBmin, it is of no use for the protection
of the charging generator 1 or the generator system. Namely,
an excessive current will keep flowing through power zener
diodes 11la-11f, and the power zener diodes will be
destroyed by their continuous ohmic heating, thereby caus-
ing a failure of rectifier 11.

In order to prevent the occurrence of a failure in power
zener diodes 11a-11f, it is necessary to maintain the fol-
lowing relationship of equation 4.

VBmin>VB Eq. 4,
More particularly, it is necessary to satisfy the following
equation 5, which is derived from equations 3.1 to equation

4.

VBmin=MIN{Vz (1l2), Vz (11b), Vz (1ic), Vz(11d), Vz (11¢),
Vz (LIH-MAX{VE (11a), VT (118), VI (11c), VI (11d), V£
(11e), VE (11H}>VB Eq. 5.
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The value of VBmin is obtained by subtracting the
maximum forward voltage of power zener diodes 11a-11f
from the minimum breakdown voltage of the power zener
diodes 11a-11f.

In this embodiment of the invention, each value of the
forward voltages VI (11a)-Vf (11f) is approximately 1 V,
which is negligibly small compared to a value of 30 V
representing the breakdown voltages Vz (11a)-Vz (11f), and
thereby equation 5 can be replaced by the following equa-
tion 6.

VBmin=Vzmin=MIN{ Vz(l1a), Vz(115), Vz(1lc), Vz(11d),

Vz{lle), Vz{11/)}>VB Eq. 6.

That is. generally speaking, the forward voltage Vf is set
to be substantially smaller than the breakdown voltage Vz,
with the result that, assuming a subtraction by the forward
voltage to be a safety factor which is so negligibly small that
it can be omitted, a value of voltage VBmax at terminal B
which is a generated voltage V can be shown to be deter-
mined by the breakdown voltage Vz of the power zener
diodes 11a-11f, and more specifically, the minimum voltage
VBmin across terminal B which is a generated voltage V can
be understood to be determined by the minimum breakdown
voltage Vzmin, which is a minimum value of of the break-
down voltage of power zener diodes 11a-11/.

The above description can be rephrased as follows. Equa-
tion 6 defines a relation wherein Vzmin>VB, and as long as
equation 6 is satisfied, there will occur no breakdown in
power zener diodes 11a—11f, thereby no short-circuit current
will flow in the charging generator 1 during normal opera-
tion thereof, that is, unless voltage regulator 13 has failed.
Then, in case the voltage regulator 13 should fail, the
generated voltage V will be limited by protection cut-off
voltage VB. Thereby, in either case, the voltage V generated
by the charging generator 1 as a high voltage power supply
is kept below the minimum breakdown voltage Vzmin.

Namely, a charging generator 1 capable of generating a
high voltage, according to this embodiment of the invention,
is provided with the following twofold safety measures:

(1) A high voltage generated to be supplied to a high
voltage load is limited to a value of the protection
cut-off voltage VB,

(2) Even when the voltage regulator or the like has failed,
voltage V generated by charging generator 1 is limited
to a value below the breakdown voltage Vz of the
power zener diodes; and, in addition, a further safety
measure to avoid any risk of electric shock to the driver
who happens to contact with the high voltage circuit is
provided as follows,

(3) Protection cut-off voltage VB (or breakdown voltage
Vz)is set at a value which does not endanger the safety
of the driver.

More particularly, a voltage preferred for the high voltage
circuit is predetermined in a range which will not endanger
the safety of anyone who happens to touch the circuit. The
value of such safe voltage in the case of d.c. supply is preset
at 72 V or less, is set at and more preferably, 48 V or less.

In the next step, respective diodes and transistors are
selected, each having an intrinsic property corresponding to
each voltage of Vz(136), Vi(1392) and VBE(134) indicated
in equation 2 so as to be able to conform to this predeter-
mined voltage. Then, power zener diodes having an intrinsic
breakdown voltage Vz are selected as rectifier elements so
as to be able to satisfy the relation of equation 6 that Vz>VB.
By way of example, this sequence of selection may be
reversed to achieve the same effect. Otherwise, the mini-
mum breakdown voltage Vzmin may be adopted.
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With reference to FIGS. 5 and 6, another embodiment of
the invention will be described.

FIG. 5 is a schematic circuit diagram of a voltage regu-
lator according to another embodiment of the invention. In
the voltage regulator 13' in the drawing of FIG. 5, power
transistor 131, flywheel diode 132 and resistor 133 are the
same as in the voltage regulator 13 of FIGS. 1 and 2.

In FIG. 5§, comparator 142, dividing resistors 144a and
144b, and temperature detecting circuit 145 which has a
negative temperature characteristic in combination consti-
tute a main voltage detection circuit 13A of FIG. 2 for
detecting a voltage on the low voltage side across terminal
S. On the other hand, comparator 141, dividing resistors
143a and 1435, temperature detection circuit 146 which has
a positive temperature characteristic, and AND gate 140 in
combination constitute auxiliary voltage detection circuit
13B of FIG. 2 for detecting and regulating a voltage on the
high voltage side across terminal S. By way of example,
when the auxiliary voltage detection circuit 13B is not
incorporated, provision of AND gate 140 is not necessary.

A description of the operation of the circuit having the
configuration described above will be set forth in the fol-
lowing. When a voltage across terminal S becomes higher
than a voltage Vs preset for regulation, an output from
comparator 142 becomes “low”, thereby, an output from
AND gate 140 becomes “low”, In consequence, power
transistor 131 is cut off. On the other hand, also when a
voltage across terminal B exceeds protection cut-off voltage
VB the value of which is preset, an output from comparator
141 becomes “low”, thereby, an output from AND gate 140
becomes “low”. thereby the power transistor 131 is cut off.

FIG. 6 depicts voltage characteristics relative to ambient
temperatures of the voltage regulator according to this
embodiment of the invention.

As indicated by line (a) in FIG. 6, regulation voltage Vs
is adapted to have such a property that voltage Vs increases
with a decreasing ambient temperature and decreases with
an increasing ambient temperature. Namely, it has a negative
temperature gradient coefficient so as to be able to increase
a charging current to the battery when the ambient tempera-
ture is low.

However, there are such cases where power zener diodes
11a-11f have a positive temperature gradient as its intrinsic
temperature gradient coefficient with respect to its break-
down voltage Vz as indicated by dotted line (¢) in FIG. 6.

Thereby, protection cut-off voltage VB indicated by line
(b) in FIG. 6 is adapted to be able to correspond to such
power zener diodes having a positive temperature gradient
coefficient. Namely, by adapting a positive temperature
property of temperature detection circuit 146 which is a
temperature compensation means to match with the positive
temperature gradient coefficient of the power zener diodes,
the protection cut-off voltage VB is adapted to have a low
value at a low ambient temperature and have a high value at
a high ambient temperature. In other words, voltage regu-
lator 13' is provided with temperature compensation means
for compensating protection cut-off voltage VB (V) which is
regulated by the voltage regulator 13’ such that variations of
the cut-off voltage VB due to changes of ambient tempera-
tures correspond to changes in the intrinsic property of the
breakdown voltage Vz (V) of the power zener diodes due to
the changes in the ambient temperatures.

According to the above-mentioned embodiment of the
invention, the protection cut-off voltage VB which is regu-
lated and fed to the high voltage electrical load § can be set
at the maximum voltage in the vicinity of the intrinsic

breakdown voltage Vz (or minimal breakdown voltage
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Vzmin) of the power zener diodes, thereby, a power supply
to be fed to the high voltage electrical load 5§ can be
increased to a maximum rated voltage. For example, when
the high voltage electrical load S is an electric heater for
heating a catalyst which purifies engine exhaust gases, the
catalyst can be heated quickly after start-up of the engine,
thereby effectively and quickly removing hazardous mate-
rials from the exhaust gases. |

Nevertheless, it is desirable for the protection cut-off

voltage VB to be set at a voltage which will not endanger the
safety of the driver who happens to touch the high voltage
circuit.

What is claimed i1s:

1. A charging generator comprising:

an a.c. generator having armature windings and a field
winding for generating an alternating current;

a rectifier for rectifying said alternating current output
from said armature windings to produce a direct current
in a rectifying circuit thereof including a plurality of
rectifying elements each having an intrinsic character-
istic of breakdown voltage Vz(V); and

a voltage regulator including current inhibit means con-
nected to receive said direct current output from said
rectifier via said field winding for inhibiting a field
current which flows through said field winding; voltage
detection means for detecting a d.c. voltage of said
direct current output from said rectifier; and protective
control means for controlling said current inhibit means
in accordance with a judgment of which value is larger
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between a value of said detected voltage and a prede-

termined protection cut off voltage VB(V) thereby to
inhibit said field current such that said d.c. voltage is
regulated at or below said protection cut off voltage
VB(V), wherein a relationship exists between said
breakdown voltage Vz(V) and said protection cut off
voltage VB(V) such that Vz>VB.

2. A charging generator according to claim 1 wherein
when a minimum value of a plurality of breakdown voltages
Vz which are intrinsic to each of said plurality of rectifying
elements is designated as a minimum breakdown voltage
Vzmin (V), there holds a relationship that Vzmin>VB.
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3. A charging generator according to claim 1 wherein said
voltage regulator further comprises temperature compensa-
tion means for compensating for a fluctuation of voltages
due to ambient temperature changes of said protection cut
off voltage VB (V) which is regulated by said voltage
regulator such that said fluctnation of voltages 1s compen-
sated substantially to equal a fluctuation of said intrinsic

characteristics due to the ambient temperature changes of
said breakdown voltages Vz (V) which are intrinsic to said

rectifying elements.

4. A voltage regulator for use with a charging generator
having armature windings and a field winding to generate an
alternating current, comprising:

field current input means for inputting a field current

which flows through said field winding, said feld
current being a d.c. current which has been converted
in a rectifier having a plurality of rectifying elements
each having an intrinsic characteristic of breakdown
voltage Vz (V);

current inhibit means for inhibiting said field current input

from said field current input means;

a voltage detection means for detecting a voltage of said
d.c. output from said rectifier; and

a protective control means for controlling said current
inhibit means on the basis of a judgment of which value
is larger betwecen a detected value of the voltage
detected by said voltage detection means and a prede-
termined protection cut off voltage VB (V). thereby
said field current is inhibited such that said d.c. voltage
converted in said rectifier is regulated at or smaller than
said protection cut off voltage VB (V), and wherein

said protection cut off voltage VB (V) is maintained
relative to said breakdown voltage Vz(V) in a relation-
ship such that Vz>VB.

5. A charging generator according to claim 1, further
comprising a switching relay for switching an output from
said charging generator between a low voltage load and a
high voltage load, and a control means for controlling said
switching relay.
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